The optical properties of nanometer-sized semiconductor materials are of interest in areas such as photocatalysis and non-linear optics. Ultrasmail zinc oxide particles encapsulated in a porous zeolite (A) host were characterized by powder X-ray diffraction, reflectance, and luminescence spectra. Compared to bulk ZnO the particles show pronounced blue shifts of the reflectance as well as the luminescence bands owing to the quantum size effect.
INTRODUCTION
clusters (M = Zn or Cd and X = S or Se) [12] . Zeolites are crystalline alumosilicates with pore sizes on the order of atomic dimensions and serve as hosts for the self assembly of small semiconductor moieties with well defined size and shape [13] .
We report the synthesis of small ZnO clusters in the cavities of a zeolite A and compare their optical properties with those of ZnO bulk material [2,.7]. The size of the encapsulated particles can not exceed 11 A given by the diameter of the available zeolite A cages [14] . Powder X-ray diffraction data of ZnO/zeolite A confirmed the assumption that ZnO was indeed included in the alumosilicate host. Substantial blue-shifts of both the reflectance and emission spectra could be observed. Quenching experiments were carried out in order to verify the presence of ZnO in the zeolite cages. 
FIG.l X-ray powder diffractogramm profiles of zeolite A (upper) and
ZnO/zeolite A (lower).
EXPERIMENTAL
A precursor of ZnO/zeolite A was synthesized by stirring a zeolite A (Degussa, Wessalith P) suspension in water with ZnCl2 in order to exchange Na + for Zn + ions [15] . Subsequent heating (600 °C, 4 hours) of the ion exchanged zeolite led directly to the formation of the small ZnO clusters within the zeolite cages as indicated by the changes of the powder X-ray diffraction patterns. This pattern would not change if ZnO is attached only to the surface of the zeolite. However, the zeolite peak intensities in the powder diffraction profile of ZnO/zeolite A were significantly different from those of the pure zeolite A (Fig.  1) . Similar observations for CdS clusters in zeolites have been published [10] .
The powder reflectance spectra of bulk ZnO (Ventrón, 99,9%) and ZnO/Zeolite A were measured on a UV/VIS spectrometer from SHIMADZU (UV-2100) equipped with a reflexion accessory. Reference was BaS04. The luminescence spectra of the powders were recorded with a HITACHI 850 fluorescence spectrophotometer and the high resolution powder diffraction data were collected using a SCINTAG PAD X automated X-ray diffractometer using Cu K« i radiation. Bulk ZnO is known for exhibiting two different types of luminescence [7] . The short wavelength emission is ascribed to the band gap recombination of electron and hole while the visible emission is assumed to have its origin in recombining surface trapped electrons [2]. This emissions of zinc oxide powder appear at Amax = 383 nm and 518 nm, respectively (Fig.  3) . The ZnO/zeolite A powder spectrum displays maxima at 373 nm and 400 nm (Fig. 3) . The shorter wavelength maximum is assigned to the band gap emission of the encapsulated ZnO particles. Owing to the quantum size effect the luminescence is blueshifted compared to bulk ZnO.
The origin of the longer wave-lengh luminescence is less clear since the particle size of ZnO in the zeolite is of molecular dimensions. In this case, the existence of surface states is questionable. However, a luminescence of ZnO suspensions in 2-propanol at Xmax = 460 nm was reported for particle sizes below the detection limit of the transition electron microscope (approximately 5 A)[2]. This emission was assigned to surface states. Furthermore, the visible luminescence of Cd4S4 units encapsulated in zeolites is assumed to arise from Cd related defects rather than from a band gap recombination [17] . Accordingly, we suggest that the 400 nm emission of ZnO/zeolite A has a similar origin. This assumption is supported by quenching experiments. 
